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Chapter |

Introduction

Importance and Rationale.

The International Association for the Study of Pain (IASP) has defined pain as
“an unpleasant sensory or emotional experience associated with actual or potential
tissue damage or described in terms of such damage and the inability to communicate
in no way negates the possibility that an individual is experiencing pain or is in need of
appropriate pain relieving treatment.” Altheugh acute pain serves as a protective
function for animal (Muir Hl-and-Woolf, 2001)-leading-to disuse, rest and recuperation,
guarding and avoidance, thereby minimizing further injury and promoting repair
processes (Muir Ill, 2009a)r Onceing pa‘i‘n may cause many detrimental effects to the
animals, for example slewing /frecovery, “reducing food and water consumption,
interfering with normal respiration, , réducr‘hg,;a whole range of ‘self — maintenance’
behaviors, reducing mebility which mayi‘_lead to muscle spasm (Flecknell, 2000),
increasing rate of postoperative -. i‘r_lrf.ection'.;é_rla sepsis, and delaying wound healing

(Grant, 2006). Therefore, it i§ vehyimportant for us, as veterinarians, to alleviate pain in

animals under our responsibilities in order;'i_-tog_minimize unfavorable consequences

associated with their.ongoing pain.

All kinds of surgical procedures cause pain to {He animals in varying levels
depending on the severity of tissue injuries caused by“each procedure. We should
anticipate the levels of pain-associatedswith=surgical precedures that we will perform to
our patients in, order~that“we ‘can Choose "analgesics’ and analgesic techniques
appropriately., lt.has, been.recently, accepted, that, the.best way in.managing pain is to
perform preemptive’and'multimodal analgesia.

Preemptive analgesia refers to the application of analgesic techniques before
the patient is exposed to noxious stimuli. Examples of preemptive analgesic techniques
include the use of opioids and/or alpha 2 agonists as premedicated drugs or the
preoperative epidural administration of local anesthetics or opioids (Tranquilli et al.,

2004). The benefits of preemptive analgesia are the ease in controlling postoperative



pain, reducing the dose of anesthetic drugs required, improving patient safety, and
providing more effective pain relief (Dobromylskyj et al., 2000).

Multimodal analgesia or balanced analgesia is achieved by the simultaneous
administration of two or more analgesic drug classes or techniques, in order to inhibit
nociception through distinct mechanism along pain pathway (Tranquilli et al., 2004). The
popularity of multimodal analgesia arises from two reasons. First, it takes advantage of
additive or synergistic analgesic effects that optimize analgesia and improve patient
comfort. Second, lower doses of individual: analgesic agents are required, which
reduces the potential for development of «indesirable side effects associated with
treatment (Lamont, 2008a): vl

Epidural analgesia, which.commanly performed at the lumbosacral (L7 — Sacrum
[L - S]) intervertebral spage (Malverde, 22008), is an effective, safe and relatively easy
procedure to perform onboth dogs and Gats to provide analgesia for all structures
caudal to the umbiliCus (Sawyer, i99é; Flaherty and MacGillivray, 2003). When
administered by this route, analgesics are i;T.czIo_se proximity to their sites of action, lower
dose can be used in comparison t‘o_:ﬂsysterﬁ'i‘(é_ra-dministration resulting from the maximal

binding ability of analgesics'to théitspecific receptors (Torske and Dyson, 2000). Since

lower dose can be used in providing analge’sjié;;side effects associated with analgesics

will also reduce, as ;thev occur in dose dependent manners (Pascoe, 1997). This

technique can be used-as an alternative to general anestheé:ié or used concurrently with
general anesthesia to réeduce amount of anesthetic requirément during surgery (Skarda
and Tranquilli, 200%).; The combinationofibupivacaine andsmarphine is widely used for
epidural administration in dogs and the analgesic potency of the combination in terms of
latency~toseffect and duration .of action, is -knowns to oe .better than either drug
administered alone with minimal side’effects (Hendrix et al:;*1996; Pascoe, 1997; Troncy
et al., 2002; Kona — Boun et al.,, 2006). However, morphine is schedule Il control
substance in Thailand according to the narcotics act 1979, using drugs or substances in
this schedule required permission from narcotic control division, careful record keeping
of the purchase and dispensing, and storing in closed cabinet (Thailand Food and Drug
Administration, 2003). This may make some veterinarians hesitate to use morphine for

relieving pain in animals.



Tramadol is a centrally acting analgesic that is structurally related to codeine
and morphine (Grond and Sablotzki, 2004). The analgesic effect of tramadol achieved
from a complex interaction of at least 3 mechanism of actions (Lascelles, 2008). First, it
acts as a weak opioid agonist. Second, it acts as a weak inhibitor of the reuptake of
monoamine neurotransmitters (noradrenaline and serotonin) (Scott and Perry, 2000),
thus activate descending inhibitory spinal monoaminergic pathways (Desmeules et al.,
1996). Third, it acts as an alpha 2 adrenoceptor agonist with more binding affinity to the
alpha 2A adrenoceptor than alpha 2B and alpha 2C adrenoceptors (Hocker et al.,
2008). In human, it is indicated for manageméant of.moderate to moderately severe pain
(Gibson, 1996; Scott and=Perry, 2000;“Grond ana+Sablotzki, 2004) with no clinically
relevant effect on either respiratory. or cardiovascular parameters at the recommended
doses (Scott and Perry,#2000). Traméldol is never been classified as controlled
substance (Hsu and Riedgsel #2008): [n veterinary clinical practice, tramadol may be a
useful alternative or adjunciforthe treétméﬁt of acute and chronic pain (Lamont, 2008b)
or cough in dogs (Plumb, 20085). The idieiali a_nalgesic should significantly reduce or
eliminate post operative /pain, be‘.:free o'l{*_??éute or chronic side effects, not be a

controlled substance, and ‘be ‘inexpensive (Hellyer, 1997). From my point of view,

tramadol meet three out of four.-criteria oﬁjri:dégl,analgesics. First, it is indicated for

management of modeEate to moderately severe pain in hu_rhan (Gibson, 1996; Scott and

Perry, 2000; Grond and-Sablotzki, 2004). Second, tramadal |s never been classified as a
controlled substance (Msu and Riedesel, 2008). Third, it'is not expensive in both oral
and injectable jpreparations=in T hailand: /Although tramadol-has*some side effects, the
side effects seemyinsignificant as compared with its efficacy in relieving pain.

Although, epidural tramadol-bupivagcaine,combination (Senel et al., 2001; Majid
and Mohammad, 2004;"Prakash "et"al.; 2006) have been“used for postoperative pain
management with success in both efficacy and long duration of analgesia, the use of
tramadol by this route in animal is quite limited (Natalini and Robinson, 2000; Guedes et
al., 2005). Thus, | decided to study epidural analgesic efficacy of tramadol-bupivacaine
combination compared to that of morphine-bupivacaine combination administered
preoperatively in dogs subjected to stifle surgery. As epidural morphine-bupivacaine

combination is widely accepted in veterinary medicine that it can provide effective



analgesia with long duration for surgical procedure caudal to the diaphragm in dogs
(Hendrix et al., 1996; Troncy et al., 2002; Kona-Boun et al., 2006), | decided to use this
method as positive control. To my knowledge, there is no experimental clinical study on
comparing the epidural analgesic efficacy of the tramadol-bupivacaine combination with

that of the morphine-bupivacaine combination in dogs subjected to stifle surgery.

Objectives of Study.

Research question.

Does the pr i ‘ . administration the tramadol-bupivacaine

combination can pro ™anc \\ postoperative analgesia in

1\\s~ in dogs subjected to stifle

&

comparison to the mogphi pivf
surgery? ‘ '
M{’" 4

I id 2

F’TUEJ’JVIEWI?WEHH‘?
ammmm UA1AINYAY



Chapter I
Literature Review

Definition of Pain

The International Association for the Study of Pain (IASP) has defined pain as
“an unpleasant sensory or emotional experience associated with actual or potential
tissue damage or described in terms of such damage and the inability to communicate
in no way negates the possibility that an individual is experiencing pain or is in need of
appropriate pain relieving treatment.” \'//

Wy

Pain pathway S'\—T :) “'_4

Transduction : TK

\tlmns into electrical activity at the
peripheral nociceptor

nerve endings in the
noxious stimuli, they

stimulus) into electrical

[ : Transduction
(sensory nerve endings, nociceptors)
/s:rgical pain

Figure 1. Physiologic processes of pain recognition (Tranquilli et al., 2004)



Transmission : The propagation of nerve impulses through the nervous system
via afferent sensory fibers (Tranquilli et al., 2004). The encoded electrical activity will
propagate along the afferent sensory fibers of the first order neurons to the second
order neurons. Then the action potential is transmitted via ascending spinal tracts within
the spinal cord. The spinothalamic tract (STT) is most prominent nociceptive pathway.

The transmission of second-order neurons terminates in the thalamus (Posner, 2008).

e

‘_“ Periphery.
Figure 2. A sin@jfyrgregnnﬂfﬂ affere an’gam/g(ﬂanquilli et al., 2004)
o] ion . he. proc ig' ition.o t, :ﬁ%ﬂ/hioh occurs at
the Ievilﬁ:jl aﬁTajlmm%)jﬁmgj t dorsal horn of

spinal cord can be achieved by opoids, serotonin, alpha 2 agonists, and N-methyl-a-
aspartate (NMDA) antagonist (Posner, 2008).

Perception: Conscious perception of noxious stimuli is generally considered
pain. Third-order neurons transmit information from the thalamus to the higher (cortical)
brain centers. The cerebral cortex is considered the target for noxious stimuli. At this

level the animals will perceive pain (Posner, 2008).



Pain management strategies

Preemptive analgesia refers to the application of analgesic techniques before
the patient is exposed to noxious stimuli. Examples of preemptive analgesic techniques
include the use of opioids and/or alpha 2 agonists as anesthetic premedication or the
preoperatively epidural administration of local anesthetics or opioids (Tranquilli et al.,
2004).

Multimodal analgesia or balanced analgesia is achieved by the simultaneous
administration of two or more analgesic drug classes or techniques in order to inhibit
nociception through distinct. mechanism alonge«pain pathway (Tranquilli et al., 2004).
Drugs that can inhibit transduction are-local-anesthetics, opoids, and NSAIDs. Drugs
that can inhibit transmission_are le€al anesthetics and alpha 2 agonists. Drugs that act
on modulation of spinal pathway are nun‘]erous for example, local anesthetics, opioids,
alpha 2 agonist, NMDA antagonists, “and ' NSAIDs. Perception can be inhibited by
anesthetics, opoids, alpha 2 agonists,;ben?bq;iazepines, and phenothiazines (Lamont et
al., 2000, Tranquilli et al42004). Jd

The benefits of preempti\;e jmultim:(;);_af analgesia are preventing or inhibiting

surgery induced peripheral“sefsitization -and .ir;:;europlastic changes within the spinal

cord, preventing the development of tachyﬁb_ﬂa_)gis, suppressing the neuroendocrine

stress response to pain and injury, shortening Convalesc,e'-n_oe through improved tissue

healing, maintaining Lpatjent immunity, improving patient m_o‘BiIity (Tranquilli et al., 2004),
reducing the potential~for development of undesirable*side effects associated with
treatment, and improving patient eomfort (Lamaont,;2008a).

Nowadays, numerous studies'conducted onboth'dogs and humans support the
advantages of preemptive.(Lascelles et al., . 1997;-Duque_et al., 2004; Altukaya et al.,
2005; Karaman et al., 2006; Sibanda ét'al.; 2006; Novello-et al:, 2008)<and multimodal
analgesia (Fowler et al., 2003; Bergmann et al., 2007; Mercadante et al., 2008; Brondani

et al., 2009).
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Response to pain and injury

Pain are able to induce stress response (Muir Ill, 2009b), by stimulating the
medulla (center of circulation and ventilation), hypothalamus (center of neuroendocrine
function, primarily sympathetic), and limbic structures (Hellyer et al., 2007a). The
characteristics of stress response include dramatic alterations in cardiovascular,
endocrine and metabolic systems (Grant, 2006). These stress responses cause
elevations of blood glucose, free fatty acids, blood lactate and ketone, metabolic rate
and oxygen consumption, finally leading t0 a catabolic state and negative nitrogen
balance (Hellyer et al., 2007a).

The stress responses-induced by pain-are-beneficial for short-term survival of
organism, but can be deleterious  if prolong (Hellyer et al., 2007a). Unrelieved or
prolonged pain is capablegdin promoting ?n extended and destructive stress response,
leading to neuroendocripne dysregulation, fatique, dysphoria, myalgia, abnormal
behavior, and physical performance_,aﬁeratﬁqu_(Muir [, 2009b).

Apart from painy vafious factors iaan mduoe stress responses, for example
infection, hemorrhage, heat |gss, starvat|on:r,anX|ety hypoxia and acid-base changes,

and tissue damage (Grant, 200@). We ShOU|d-_QQ;JaS best as we can to limit factors that

induce stress responses in animals, in orderto provide good quality of life for animals in

our responsibilities.Many things should be done 1o ;'-minimize stress responses

encountered by our éurgioal patients, for example providing"adequate premedication to
reduce anxiety, providing smooth induction of anesthesia“to avoid dramatically release
of catecholamine andscortisol spreviding ~sufficient depths, ofw.anesthesia to counter
surgical trauma_and ‘anestheticstress (Kona-Boun ‘et al., 2005), providing soft padded
bedding, for .animal_comfort, providing, blanket, to-facilitate ,recovery_from anesthesia,
separating ‘dogs' from ‘cats and“decreasing visual andauditory” stimulation to limit
anxiety, and performing gentle and respectful handling (Hellyer et al., 2007b).

The overall detrimental physiologic effects associated with unrelieved acute

pain, such as postoperative pain, are summarized in table 1.



10

Table 1. The detrimental effect of unrelieved pain (Grant, 2006).

Body system Pain associated change Consequences

Cardiovascular Increased heart rate Impaired cardiovascular function
Increased blood pressure
Increased cardiac output

Increased risk of arrh

thmias
Respiratory Increased respi ’ // Hypoxaemia

percapma
Sis
ed risk of atelectasis

ed risk of pneumonia

Gastrointestinal

Ine eased risk of gastric ulceration
Intestinal pain

i x
Urinary Urine retention Electrolyte changes

Water anc

oxygﬂ consu

Breakdgw&of muscle, fat 3&9 Weight loss

AUBENENINEINT

Immune Impa|red immune s¥stem Increased risk of infection and

ARIANN 3TN A8 Y

Enhanced metabolic tumor spread

Metabolism

1: ound healing

nor%ed tissue breakdown

Increased risk of tumor recurrence
Nervous Sensitisation of pain pathway Hyperalgesia and allodynia
Heightened pain perception and

chronic pain
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Pain assessment tools in veterinary medicine

Objective Measures

Physiological variable and plasma cortisol level. Both physiological parameters

(heart rate, respiratory rate, pupil size) and plasma cortisol level are the least useful in
assessing pain in dogs, because they can be affected by many factors other than pain
(Weary et al., 2006; Hellyer et al., 2007a). Some researchers found that heart rate,
respiratory rate, and pupil size were, not useful indicators of pain in hospitalized dogs
following surgery (Holton et al.; 1998). HoweVer, physiological parameters are useful in
assessing responses to noxious-stimuliy in patients under general anesthesia or for

transient periods in conseious patients (Mich and Hellyer,; 2009).

Mechanical nocicepiive thresholq testing. It is used to evaluate both primary
(wound) and secondary (remaie are;a) h‘yp‘eralgesia in dogs and cats (Hellyer et al.,
2007a). It seems to be acCupate |n meaSurmg the severity of pain, but still varies
depending on age, breed (Conzemlus et a‘[ 1997 Bufalari et al., 2007), and fear of the
animals (Conzemius et al., 4997)." r‘ .

Force plate gait analysis. lt has been W|de|y used in assessing lameness in dog,

evaluating response to d|fferent Surgloal prooedures and assessing analgesic efficacy

(Hellyer et al., 2007a; Quinn et al., 2007; Waxman et al., 2008).

Pain scoring in dogs

Pain scales that are=used in veterindry medicine are adapted or modeled from
those used for measuring gpain |in_humans and [primarily ' designed for acute pain
assessment. They are mainly based on the observer's ability gito assess patient’s
spontafieous) behaviory!and may | incorporate |other factors such @s behaviors on
handling, interaction with observer, reaction when injured area is manipulated by the
observer, and some physiological measures (Grant, 2006). Without strictly defined
criteria and the use by experienced and well-trained observers, numerous scoring

systems are too variable and very subjective (Hellyer et al., 2007a).
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Simple descriptive scale (SDS). It is the most basic pain scale, which usually has

four or five descriptors (such as no pain, mild pain, moderate pain, severe pain, or very
severe pain) for the observers to choose in assessing pain (Hellyer et al., 2007a). It is
easy to use in practice but is very subjective and quite insensitive in detecting small
changes or differences in pain (Grant, 2006).

Numerical rating scale (NRS). It is essentially the same as simple descriptive

scale, but assign numbers for ease of tabulation and analyses; for example, absence of
pain is assigned the number 0 and very severe pain the number 5 (Hellyer et al., 2007a).
It is not sensitive in distinguishing subtle” ehanges in pain (Hardie et al.,, 1997;
Pacharinsak et al., 2003). ~

Categorized numerical rating system. (Table 2) A further development of the

simple descriptive and numerical rating.lj,scales, where certain behaviors are chosen
then assigned a value. For exarple; vocalization can be divided into none (score=0),
crying but responsive (soore=1)-_<.an_d cafyiqg but not responsive (score=2); other
categories may include movement, agftatid‘;f_and posture (Hellyer et al., 2007a).

FEAd
r bt

Table 2. Example of categorized numerical{é.t._ing system (Conzemius et al., 1997).

Observation Score' Criteria e

e

Vocalization 0 [\I.Q__v_o,caIizatior}?‘::.._'#_ "

T B Vocalizing, responds to Ca!nillv_oice and stroking

n— Vocalizing, does not respond‘t'é) calm voice and stroking
Movement -0 None -

1 Freguentrpositionychanges

2 Thrashing
Agitation 0 Asleep, or. calm
1 Mild agitation

2 Moderate agitation

3 Severe agitation
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Visual analogue scale (VAS). It consists of a continuous line (usually 100 mm

long) anchored at either end with a description of the limits of the scale, for example no
pain or no sedation at one end and severe pain or asleep at the other end. An observer
places a mark on the line at the point that he/she thinks approximates with the degree of
pain in the animal under observation, and this point is then translated into a number by
measuring the distance to the mark from zero (Hellyer et al., 2007a). The VAS seems to
be quite sensitive and allow for much better gradation of pain severity than the SDS, but
still very subjective and required experienced person to perform assessment (Grant,
2006). It appears to be a good tool for measting. severity of pain on the condition that
factors such as anxiety and-delirius aré identified~and controlled (Conzemius et al.,
1997).

Dynamic and interactive visual arlialoque scale (DIVAS). This is an extension of

the classic VAS system in dogs. With'the DIVAS system, animals are first observed from

a distance undisturbed and‘then ap_praached,,- handled and encouraged to walk. Finally,
: y

the surgical incision and sugfound area are palpated, and a final overall assessment of

a

sedation and pain is made (Hellyer et'al.; 209]8).

Variable rating scale (VRS): (Table 3) It iﬁborporates objective physiological data

(heart rate, respiratory rate, pupil”size; f@fétéj_temperature) and animal behaviors

(spontaneous beha\/.ior}S, posture, interactive behaviors, responses to palpation, mental

status and vocalizatiéﬁv).— The observer assigns a number from the scale to each patient
variable according to the definitions (or descriptors) provided. It seems to be quite

sensitive and reliable between differentassessaors (Grant;2006):



Table 3. Example of a VRS used in dogs (Grisneaux et al., 1999).
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Variable

Criteria

Score

Heart rate

Respiratory rate

Vocalization

Agitation

Response to manipulation

_No response;jf_.._'g ;

0-10% greater than preoperative value
11-30% greater than preoperative value
31-50% greater than preoperative value
>50% greater than preoperative value
Normal

Mild abdominal.assistance

Marked abdominal-assistance
Ne‘crying

Cwing, relzaponsive to calm voice
Crying, does not responsive to calm voice
Asleep or éjélr@

Mild agitati:}n

Méqérate a'éiéti-on

Severe agitation /s

Minimal response, tries to _mo_ve away

Turns head towards site, sligﬁt vocalization

Turns head with intention t© bite, howls

SO N =~ O w DN

o N

o W N

The University of Melbourne pain scale. (Table 4) It'is ‘modeled on pain scale

that is used to assess acute postoperative.pain.in-children, ,namely Children’s Hospital

of Eastern "Ontario” Pain 'Scale (CHEOPS). The University' of ' Melbourne pain scale

includes six categories. Each category contains descriptors of various behaviors that

are assigned numeric values. The assessor examines the descriptors in each category

and decides whether a descriptor approximates the dog’s behavior. If so, the value of

that descriptor is added to the patient’s pain score. For mental status, the assessor must

have completed a preprocedural assessment of the dog’s dominant/aggressive

behavior to establish the base line score. The mental status score is the absolute
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difference between preprocedural and postprocedural scores. The minimum possible
total pain score is 0 points; the maximum possible pain score is 27 points (Firth and
Haldane, 1999). This scale has been tested on dogs following ovariohysterectomy and
demonstrated good agreement between different assessors. It could also differentiate
between dogs that were anesthetized but not subjected to surgery and those
undergoing surgery (Hellyer et al., 2007a). The weak point of this scale is that, there is
no validation of behaviors and physiologic measures used in this scale (Lascelles,

2004).

Table 4. The University ofl and Haldane, 1999).

Category Score
1. Physiological data
a. <] oe range 0
b. 2
c. Choose only one ate relative to
1
2
3

b s |
d. Choose only one piratory rate relative to

preprocedural rate

ﬂuﬂlﬂﬂﬂﬁWHWﬂi |
am avnafiamdngngy

Salivation

w N

2. Response to palpation  No change from preprocedural behavior

(Choose only one) Guards/reacts* when touched

w N OoN

Guards/reacts* before touched
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Category Descriptor Score
3. Activity At rest: sleeping 0
(Choose only one) At rest: semiconscious 0
At rest: awake 1
Eating 0
inuously, getting up and down) 2
3
4. Mental status 0
(Choose only one) 1
2
3

5. Posture ' : 3 A ’ ]
a. | 1g Of prote ting \- area (includes fetal 2
(%

b. Choose only one ralirecumben 0
Stemateglmben !
~=__Sitting 1
: 2
m Moving 1
fu Hﬁ"’é’ffﬁ?‘l@fwmﬂﬁ” e
6. Voc calizin ﬁ% 0
Choo;ﬁaﬂmﬂﬁﬁﬁmﬂm JAL
Intermittent vocalization 2
Continuous vocalization 3

*Includes turning head toward affected area; biting, licking, or scratching at the wound;

snapping at the handler; or tense muscle and a protective (guarding) posture.

‘Does not include alert barking
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Glasgow composite pain scale. (Table 5) To date, it is probably the most reliable

and properly validated scale for assessing acute postoperative pain in dogs (Hellyer et
al., 2007a; Orskov, 2010).This pain scale is modeled on the McGill pain questionnaire.
The original 279 words or expressions that could describe pain in dogs have been
reduced to 47 well-defined words placed in 7 categories, including posture, comfort,
vocalization, attention to the wound, demeanor and response to humans, mobility, and
response to touch. Each descriptor is well defined by practicing veterinary surgeons
familiar with the behavioral signs of acute pain in dogs to avoid misinterpretation.
Assessment involves both observation from.a.distance and interaction with the patient
(e.g., palpation of the wound)«(Holton et'al., 2001).Themodified form of this scale is also
useful for measuring perioperative pain in clinical setting, when the assessors are not
native English speakers#(Murrell” et él 2008). However, this scale has some
disadvantages, includingslack of/d numeric scering system that would allow for
comparison of scor€s _over ti-_me’, ngt (taking into" account the impact of
demeanor/temperament; as well as pfevioirs'efgperience of the patient, not accounting

for residual effect of anesthetics, time Congyming when use (Mich and Hellyer, 2009),

and not providing the point {0 start ranalgesic'}ﬁit;e_;'b/ention (Orskov, 2010).

Table 5. The Glasgow Composite Measure Pgia’§core (Holton et al., 2001).

The questionnaire is madé up of a number of sections, each of Whiﬁ;hrhas several possible answers.
Please check the answlér'éﬁ that you feel are appropriate to the dog’ybu are assessing. If more than
one answer is appropriate,/then check all that apply. Approach-he kennel and ensure you are not
wearing a laboratory coat or theater “green,” be€alse the dog may associate these with stress
and/or pain. While you approach.the kennel, look at the 'dog’s behavior and reactions. From outside

the dog’s kennel, look at the dog’s behavior. and answer the following questions.

Look at the dog’s posture, Does it seem ...

Rigid ( ) Neither of these ( )
Hunched or tense ( )

Does the dog seem to be ...

Restless () Comfortable ( )

continue
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If the dog is vocalizing, Is it ...
Crying or whimpering ( ) Screaming ( )
Groaning ( )

Not vocalizing/none of these ( )

If the dog is paying attention to its wound, Is it ...
Chewing ( ) Ignoring its wound ( )

Licking, looking, or rubbing ( )

Now approach the ke g’s name. Then open the door and

encourage the dog to come you and behaviors when you are

watching him/her, assess hi

Does the dog seem to be .
Aggressive () ; 2™\ i ent ()
Depressed ( ) & (= = A O ent ()
Disinterested ( ) v '-'7 d bouncy ( )

Nervous, anxious, or fearful (

Stiff () e (

—

Slow or reluctant to riselor&it € ) ,y_g"? rried out ( )

‘o [V ,
The ne rﬁ;ﬁﬂ? ﬁﬂ/m “ﬂ [1t the animal has a wound,
apply gentle pre e'totl ound fingers ea Il imately 2 inches around it. If

the position of the wound is such that it is fnpossible to tatieh, then apply thelpfessure to the closest

SEOE ) R Takt IO Ta ik Yk T

When touched, Did the dog ...

Lame ( )

Cry () Growl or guard wound ( )
Flinch ( ) None of these ( )
Snap ( )

Continue
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Definitions of expressions used in the Glasgow Composite Measure Pain Score for dogs.

Posture

Rigid: Animal lying in lateral recumbency, legs extended or partially extended in a fixed position.
Hunched: When the animal is standing, its back forms a convex shape with abdomen tucked up, or,
back in a concave shape with shoulders and front legs lower than hips.

Tense: Animal appears frightened or reluctant to move; overall impression is of tight muscles. Animal
can be in any body position.

Normal body posture: Animal may be in any position, appears comfortable, with muscles relaxed.
Comfort

Restless: Moving bodily position, circling, pacing, shiftiag body parts, unsettled.

Comfortable: Animal resting and relaxed, no aveidanee or abnormal body position evident or settled,
remains in same body positionyat ease:

Vocalization

Crying: Extension of the whimpering noise, Ioudler and with open mouth.

Whimpering: Often quiet, shaut, high-pitchéd'souﬂd‘, frequently clesed mouth (whining).

Groaning: Low moaning or grunting deep sound untermlttent

Screaming: Animal making @ contlnual h|gh pltohed noise, inconsolable, mouth wide open.

rhA 4

Attention to wound area ' ' *

Chewing: Using mouth and teethion vvouhd area, pulhﬁg} stitches.

Licking: Using tongue to stroke area of Wound T

Looking: Turning head indirection of aréa of wound.
-

Rubbing: Using paw or keanetfioorto-stroke wound-area: =

Ignoring: Paying no atten‘fioh to the wound area. -

Demeanor - -

Aggressive: Mouthsopenorlip curled showing, teeths.sparing, grewling, spapping, or barking.
Depressed: Dull demeanor=not responsive; shows reluctance'to interact.

Disinterested: Cannot be stimulated to wag tail or interact with observer.

NervousiiEyesin continualymovement, often head and body mavement, jumpy.

Anxious: Worried expression, eyes wide with whites showing, wrinkled forehead.

Fearful: Cowering away, guarding body and head.

Quiet: Sitting or lying still, no noise, will look when spoken to but does not respond.
Indifferent: Not responsive to surroundings or observer.

Content: Interested in surroundings, has positive interaction with observer, responsive, and alert.

Bouncy: Tail wagging, jumping in kennel, often vocalizing with a happy excited noise.

Continue
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Mobility

Stiff: Stilted gait, also slow to rise or sit, may be reluctant to move.

Slow to rise or sit: Slow to get up or sit down but not stilted in movement.

Reluctant to rise or sit: Needs encouragement to get up or sit down.

Lame: Irregular gait, uneven weight bearing when walking.

Normal mobility: Gets up and lies down with no alteration from normal.

Response to touch

Cry: A short vocal response. Looks at area and opens mouth, emits a brief sound.

Flinch: Painful area is quickly moved away from stimulus either before or in response to touch.
Snap: Tries to bite observer before or in response to.touch.

Growl: Emits a low prolonged warning sound before orinresponse to touch.

Guard: Pulls painful area awaysfrom stimulus or tense local museles in order to protect from stimulus.

None: Accepts firm pressureron wetnd with none of the aforementioned reactions.

]

Glasgow Compesite l\/leasu.re Péjn Score-Short. Form (GCMPS-SF) It is a

modification of the Glasgow Comp’ésite MEagure Pain Score. It is validated pain scale

(Tacke, 2008), which can used as‘a Clinicéi.-'decision-making tool for assessing acute
’ )

pain in dogs (Reid et al., 2007). #tincludes 80 descriptor options within 6 behavioral

iy 2

categories, including mobility. “Within each;—ébtegory, the descriptors are ranked

numerically according,to their associated pa‘ih_gé\;erity, and-the person performing the

assessment Choose-{s_: the descriptor within each Categéfy that best fits the dog’s
behavior or condition. It is important to strictly perform t’he assessment procedure as
described on the questionnaire (Hellyer et alg 2007a). This scale has some advantages,
for example it has a numeric rating scale that.facilitates therapeutic decision making and
comparison among observers and over time, and_the shorter format allows for easier
use. Hawever, thisiscale has some disadvantages, including nat takinglinto account of
demeanor/temperament, previous experience of the patient, and residual anesthetic
effect (Mich and Hellyer, 2009). The pain score is the sum of the rank scores. The
maximum score for the 6 categories is 24, or 20 if mobility is impossible to assess. The
recommended analgesic intervention level is 6/24 or 5/20 (Reid et al., 2007). It has been
used to assess pain in at least 4 researches about pain management in dogs (Carsten

et al., 2008; Shih et al., 2008; Valtolina et al., 2009; Vettorato et al., 2010).
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To date, there is no gold standard exists to assess pain in animals or to compare
one type of scale or measurement to another (Vinuela-Fernandez et al., 2007; Mich and
Hellyer, 2009), so the assessors must choose the one that most fits them and practical
for use. After surgery, animals should be assessed at least hourly for the first 4-6 h, in
order to be certain that the animals had fully recovered from anesthesia with stable vital

sign and rested comfortably (Hellyer et al., 2007a).

Epidural drug administration

Epidural analgesia, which commonly peiformed at the lumbosacral [L7 — Sacrum
(L - S)] intervertebral space-(Otero, 2006; Valverde, 2008), is an effective, safe and
relatively easy procedure 1o _perform on both dogs and cats to provide analgesia for all
structures caudal to the umbilicus (Sav({yer, 1998; Flaherty and MacGillivray, 2003).
When administered by this route, /analgesics are in close proximity to their sites of
action, lower dose can'be used in gorhpanT;SoQ to systemic administration resulting from
the maximal binding ability of analgesics t(;_their specific receptors (Torske and Dyson,
2000). Since lower dose can be uéea in prO\gq,dmg analgesia, side effects associate with
analgesics will also reduce, as tt)_e? .c;ocur in a:doSe dependent manner (Pascoe, 1997).

This technique is suitable foruse in r.;éfi_.eyging pain for many surgical procedures,

such as amputation-of the tail, anal sac revaaI, per_ién_al surgery, and hind limb

surgeries (Flaherty and MacGillivray, 2003). In addition {0 relief pain associated with
surgical procedures mentioned previously, it is also a useful technique for relieving pain
in critical careatientssy, whichsare ssuffered-from;abdominal, hind limbs, and tail pain
(Wetmore and Glowaski;*2000). Thistechnique can be used as an alternative to general
anesthesia (Cruz et.al., . 1997; Hewitt et al., 2007;“Skarda and_Tranquilli, 2007) or used
concurrently ‘with ‘general anesthesia“to reduce “the ameunt' of "general anesthetic
required during surgery (Cruz et al., 1997; Jones, 2001; Almeida et al., 2007; Skarda
and Tranquilli, 2007). When epidural analgesia is performed before surgery, it provides
not only preemptive and intraoperative analgesia with a minimum alveolar concentration
reducing advantage but also excellent postoperative analgesia for long period (Valverde
et al., 1989; Valverde et al., 1991; Hendrix et al., 1996; Troncy et al., 2002; Hoelzler et
al., 2005; Kona — Boun et al., 2006).
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Figure 4. Anatomic ndmarks: L’-ﬂtal echnique (Tranquilli et al., 2004)

Wide variety of drug is technique including local anesthetics

(i.e., lidocaine and bupivacainé';r‘ orphine and oxymorphone), alpha 2

alone or in Combinatiﬁs to achi ana geirj. The most frequently used
combination is the Combgaation of a local ar&}thetio and an opioid, which can provide

desensﬂzahorﬂ% %J ég % Eijjw;i W %J Qﬂnﬁjanon with long-term

postoperative ai]lalgema (Valverde, ‘2008 In addltlon this Comb|nat|on is also an
= AR TR T AN INE TR = =
particulafly when pain on movement is assessed (Haetzman and Stickle, 1999).

The morphine-bupivacaine combination is widely used for epidural
administration in dogs and the analgesic effect of the combination is known to be better
than either drug administered alone (Hendrix et al., 1996; Pascoe, 1997; Troncy et al.,
2002; Kona — Boun et al., 2006). When the combination of bupivacaine (1.5 mg/kg) and

morphine (0.1 mg/kg) was administered preoperatively via extradural route in dogs
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undergoing femoro-tibial joint surgery, it could reduce the neuroendocrine stress
response with no effect on the inflammatory response (Sibanda et al., 2006).
Contraindications to epidural drug administration are local infection, neurologic
dysfunction, obesity (difficulty in palpating landmarks), hypovolemia, hypotension (Millis,
2006), inflammation, coagulopathy, and pathology in the area of the lumbosacral

junction (Grimm and Marks, 2005).

Bupivacaine

Bupivacaine (I\/Iarcaine®), a remarkablysstable local anesthetic, is resistant to
boiling with strong acid or.alkali-and shews no-change on repeated autoclaving (Hall et
al., 2001). It is commercially available as a 0.25%, 0.5% or 0.75% solution with or without
added adrenaline (Flaherty*and MaCGiI‘[ivray, 2003). The potency of bupivacaine is
approximately four times that of Iidocainé (Hall et al., 2001). It blocks nerve impulse

conduction by inactivating sodium _Qhénneﬂ'é,lthus totally disrupts neural transmission of

/ 4
information by axons at.the treatmentsite @and provides true analgesia (Shaffran, 2007).

il g

It also demonstrates significant sepération;oﬁj_siensory and motor blockage, particularly

add ol

when dilute solution is employed;(Hall et al., 20&1) At the concentration of 0.1%-0.25%,

bupivacaine seems to provide analgesia With?ﬁgj@im_al motor blockade (Otero, 2006).

ZT
Z\_L

0
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Figure'5. The ‘chemical'stricture of bupivacaine(Yi et'al., 2009)

Epidural bupivacaine administration can be done at dose range from 1.5 to 2.5
mg/kg (Pascoe, 1997). The duration, quality and extent of block are mostly affected by
concentration (Gomez de Segura et al., 2009) and volume of bupivacaine (Freire et al.,
2010). At the volume of 1 ml/5kg of body weight, the blockade can be achieved up to
the level of L2 (Robertson, 2005). The onset time is about 10 — 15 min (Dobromylsky;j et

al., 2000) with the duration of action about 4-6 h (Grimm and Marks, 2005).
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Adverse effects associated with epidural bupivacaine administration include
hypoventilation secondary to respiratory muscle paralysis; hypotension, Horner’s
syndrome and hypoglycemia caused by sympathetic blockage; Shiff — Sherrington — like
reflexes; and muscular twitches, coma, convulsion and circulatory depression caused
by toxic plasma concentrations of local anesthetic (Skarda and Tranquilli, 2007), which
may occur as the result of accidental overdose or inadvertent intravenous administration
(Shaffran, 2007). In an attempt to prevent or treat hypotension associated with epidural
bupivacaine administration, many things should be done. For example, up to 20 ml/kg of
crystalloid solution is administered intravenotsly as'a vascular preload (Jones, 2001),
and an alpha-1 agonist suehras phenylephrine-or-ephedrine can be administered to
treat hypotension that not response to vascular loading (Dobromylskyj et al., 2000). The
local anesthetic should bgfgiven siowly bver about 30-60 seconds (Jones, 2001) with
maximum volume of 6 ml (Pas¢oge, 1997: Wetmore and Glowaski, 2000) and the patient
should be positioned with their proxirhal gérI; of the body higher than the caudal part
(Valverde, 2008). J‘ \

3 /N
Morphine J i et fy

Morphine is the gold standard for p_(‘JTjrgp_Qioid agonists. All other drugs in this

class are compared-to’ morphine in terms of efficacy, du_ration of action, and cost

(Shaffran, 2007). It*i§: effective for treatment of both V\ﬂ"SCGFa| and somatic pain,
particularly when medium to long term analgesia is required (Nicholson and Christie,
2002). Apart from its use as-an.analgesic, mofphine. is also.an effective centrally acting
antitussive in 'dogs™(RPlumb, 2005)+ It has been=widely used in conjunction with
acepromazine as premedicated drug to providedSedation and preemptive analgesia

(Nicholsan and Christiex2002).

Figure 6. The chemical structure of morphine (Armstrong and Cozza, 2003)
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Morphine can be administered via various different routes, namely
intramuscular, intravenous (as bolus over 2-3 minutes, or continuous infusion), ocular
routes (Hughes, 2008), epidural, and intra-articular (Day et al., 1995; Hughes, 2008).

Potential side effects of systemic morphine in dogs are histamine release
(intravenous administration), constipation (Hellyer and Fails, 2003), sedation, dysphoria
or excitement (uncommonly seen when morphine was given in painful animals),
respiratory depression, bradycardia, and vomiting (Hellyer and Fails, 2003; Adamantos,
2008). The emetic effect of morphine is' mediated via stimulation of chemoreceptor
trigger zone (CTZ) (Takahashi.et al., 2007).

Epidural morphine=0:4=mg/kg can provide-analgesia for 12-24 h (Millis, 2006;
Chohan, 2010) with an onset«time of 30-60 min (Otero, 2006; Chohan, 2010). Although
various side effects assogiated" with epidural morphine, such as pruritus, respiratory
depression, sedation, naug€a or vomiting, uUrinary retention (Weller et al., 1991; DeConti
et al., 1993; Haberkern et al., 1996)‘,. and b?édycardia (Haberkern et al., 1996) are found
in human, the only potential side effect ass:;ci?t‘e_)d with epidural morphine administration
in dogs is delayed respiratory dép_rl(_ession';}'@?holson and Christie, 2002). Continuous
epidural morphine (0.08 mg/h) dﬂemﬁnstrates'ltbé{éability to facilitate gastric emptying and

intestinal transit in experimental .dogs unde’g@-@jﬁg abdominal surgery, thus it may be

useful in facilitating'Fecovery_from _paraiytic _ileus afte‘vr.open abdominal surgery

(Nakayoshi et al., 2007 )«

Tramadol

Tramadal'.is a centrally "acting analgesic that is ‘structurally related to codeine
and marphine, (Grond and.Sablotzki, 2004). The analgesic, effect of‘tramadol achieved
from a complex interaction of at least 3'mechanismtof ‘actions (Lascelles, 2008). First, it
acts as a weak opioid agonist. Second, it acts as a weak inhibitor of the reuptake of
monoamine neurotransmitters (noradrenaline and serotonin) (Scott and Perry, 2000),
thus activate descending inhibitory spinal monoaminergic pathways (Desmeules et al.,
1996). Third, it acts as an alpha 2 adrenoceptor agonist with more binding affinity to the
alpha 2A adrenoceptor than alpha 2B and alpha 2C adrenoceptors (Hocker et al.,

2008). Tramadol is a racemic mixture, which both enantiomers contribute to analgesia
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through different mechanism of actions. The (+) enantiomer acts as both a mu opioid
agonist (Grubb, 2010a) and a serotonin reuptake inhibitor (Bamigbade et al., 1997;
Grubb, 2010a). The (-) enantiomer acts as a noradrenaline reuptake inhibitor (Halfpenny
et al., 1999; Grubb, 2010a). The affinity of tramadol for the p receptor is about 6000-fold
and 10-fold less than that of morphine and codeine, respectively (Miranda and Pinardi,

1998).

CHzN(CHz)2

Figure 7. The chemical stﬁuctqlfe of tramadol (Hara et al., 2005)
The postoperative analges‘-ic poté?qc;/ of tramadol is about 10% of that of
morphine (Grond and Sablotzki, "20:'04) an.'_c'j-f';cé"mparable to that of pethidine following
parenteral administration (Gr_Q'nd“_“ and érablﬁtzm 2004; Slingby, 2009). When

administered epidurally, tramadol is_one—tenﬁs potent as morphine in horses (Natalini

] =

o

and Robinson, 2000). In children (aged 4-10 years) undergoing inguinal herniorrhaphy,

preoperative epidural_ t_ramadol 2 mg/kg provided reIiaEle postoperative analgesia
similar to epidural morphine 0.03 mg/kg in both quality ‘@nd duration of analgesia and
could also reduce intra-operative sevoflurane/requirements (Ozcengiz et al., 2001). In
human, tramadol is-ihdicated for management ofl moderate toimoderately severe pain
(Gibson, 1996; Scott and Perry, 2000; Grond and, Sablotzki, 2004) with no clinically
relevant'effect on respiratory or cardioyascular parameters at the recommended doses
(Mildh et al., 1999; Scott and Perry, 2000; Wiebalck et al., 2000). Tramadol is never been
classified as controlled substance (Hsu and Riedesel, 2008). Apart from analgesic
effect, tramadol also demonstrates local anesthetic effect in both experimental (Jou et
al., 2003; Haeseler et al., 2006; Mert et al., 2007) and clinical studies (Altunkaya et al.,
2003; Altunkaya et al., 2004; Demiraran et al., 2006; Ugur et al., 2008; Kargi et al., 2010)

and antidepressant-like effect in rat (Munro et al., 2008) and mice (Jesse et al., 2010).
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Additionally, tramadol shows the ability to stimulate immune system in both rats
(Gaspani et al., 2002) and mice (Shirzad et al., 2009).

In veterinary clinical practice, there is considerable interest in using tramadol to
manage acute perioperative and chronic pain in dogs and cats (Lamont, 2008b).
Tramadol is generally recommended as part of a multimodal therapy protocol to treat
chronic pain, namely osteoarthritis pain (Budsberg, 2008; Clark, 2009; Rychel, 2010),
neuropathic pain (Grubb, 2010b), oncology pain (Clark, 2009; Looney, 2010), and
dental pain (Woodward, 2008). The recommended doses are 3-10 mg/kg PO every 8-12
h for acute pain (Lamont, 2008b) and 1-5.mg/kg-PO every 6-12 h for chronic pain
(Posner, 2008). <

Tramadol is metabglized in liver and excreted by kidney (Plumb, 2005;
Saccomanni et al., 2010),.@dosg'should be adjusted when used in patients with renal or
hepatic impairment (Plumi, 2005). Side effects of tramadol in dogs include sedation
(fairly common), constipation, and seiz_xjre_s (uncommon and usually not require
treatment) (Grubb, 2010a). As tramadol ca;‘j‘.indgce seizure, it should be avoid in patient
with history of seizure (Lamont, 20(})18b). T'r-iaﬁ)da.dol should not be used in patients that
may have received monoamineoxidase inhibiiérfs (MAOIs) such as selegiline (Lamont
and Mathew, 2007) or tricyclic antidepr‘q;_s'aﬁts, which also increase circulating
serotonin levels. Elevaled serotonin levels can fead to “serdtonin syndrome,” which can
be expressed as drowsiness, restlessness, altered mentation, muscle twitching, high
body temperature, shiVering, diarrhea, unconsciousness, and death (Posner, 2008;
Grubb, 2010a);

Althoughy the 'use of tramadol in veterinary medicine has gained popularity for
severalwyearsy the studies.about tramadol insndegs-are, quite; limited. Some researchers
conducted * the 'study "to0 "examine ‘pharmacokinetics' ‘of tramadol” and mono-O-
desmethyltramadol (M1) following intravenous and oral tramadol administration to six
healthy dogs, as well as intravenous M1 to three dogs. Following 4.4 mg/kg tramadol
was administered intravenously, the calculated parameters for half-life, volume of
distribution, and total body clearance were 0.80+0.12 h, 3.79+0.93 L/kg, and 54.63+8.19

ml/kg/min, respectively. Following oral tramadol 11 mg/kg, the systemic availability was

65+38% and half-life of 1.71+0.12 h. The half-life of M1 following intravenous and oral
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administrations of tramadol were 1.69+0.45h and 2.18+0.55 h, respectively. Following
intravenous M1 administration, the half-life, volume of distribution, and clearance were
0.94+0.09 h, 2.80+0.15 L/kg, and 34.93+£5.53 ml/kg/min, respectively. Simulated oral
dosing regimens at 5 mg/kg every 6 h and 2.5 mg/kg every 4 h predicted tramadol and
M1 plasma concentrations were consistent with analgesia in human (Kukanich and
Papich, 2004). Another study on pharmacokinetics of intravenous tramadol in dogs was
done by other researchers (McMillan et al., 2008). In this study, 6 healthy male mixed
breed dogs were administered tramadol intravenously with three different doses (1, 2,
and 4 mg/kg), the pharmacokinetics of tramadol_and mono-O-desmethyltramadol (M1)
and pharmacodynamic of‘tramadol weré determined afterward. The results of this study
confirmed the results of thesstudy of Kukanich and Papich (2004) that tramadol has
rapid elimination rate, high"valume: of digtribution with high tissue affinity, high rate of
clearance, and the ability of the dogsin prbducing M1 metabolite even with low quantity.
For the results of pharmacodynamic e-;/atyation, sedation scores increased with
increasing doses of intravenous tr_am_adol aer Ie;_sted for 2 h following the administrations
and there was no depression of ‘h;e_zart ra-_tgf:,_o-r respiratory rate following intravenous
administration of tramadol at all‘desage rangjiéi:‘ff’he postoperative analgesic efficacy of
preoperative intravenous tramadolk2 - mg/kg a;_d,ﬁorphine 0.2 mg/kg were compared in
thirty pyometra dog@S=undergoing ovariohysterectomy. Tﬁere were no differences in
analgesic efficacy, sedation, SpO,, pH, and blood gases béiWeen dogs in tramadol and
morphine groups (Mas’frocinque and Fantoni, 2003). When dogs received tramadol
intravenously as’ ajloading™dase; of leithier=1.5 Img/korfollowed' by a continuous rate
infusion (CRI) af; 1.3 mg/kg/h or 3 mg/kg followed by a CRI of 2.6 mg/kg/h, both
regimens revealed, the ability efstramadel imyreducing minimum-alveolas eoncentration of
sevoflurane (Seddighi et al., 2009). In"other research, tramadol 3 mg/kg administered
intravenously in experimental dogs, can increase the mechanical nociceptive thresholds
with no adverse effect on renal perfusion for 24 h after normotensive anesthesia
(Kongara et al., 2009).

Epidural administration of tramadol 1.0 mg/kg in 0.22 ml/kg of sterile water in ten
healthy dogs undergoing stifle surgery could provide adequate postoperative analgesia

for at least 4 h with no cardiovascular and respiratory depression (Guedes et al., 2005).
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In other research, epidural administration of tramadol at the same dose and dilution
could also provide adequate postoperative analgesia for at least 4 h with neither
hemodynamic nor respiratory depression in dogs undergoing experimental excision and
replacement of the cranial cruciate ligament (Natalini et al., 2007). Epidural
administration of tramadol 2 mg/kg in dogs undergoing tibial plateau leveling osteotomy
(TPLO) could provide satisfactory postoperative analgesia for at least 8 h without
significant clinical side effects (Vettorato et al., 2010).

To my knowledge, there was no study conducted to evaluate analgesic efficacy
of preoperative epidural tramadol-bupivacaine«combination in dogs. However, at least
four studies were done insehildren, to evaluate the-pestoperative analgesic efficacy of
epidural tramadol-bupivacaine combination. The results of the studies showed that
epidural tramadol added bupivacaine co“yld provide adequate postoperative analgesia
for long period of time. Ip'first study, preoperative epidural tramadol 1.5 mg/kg with
0.25% bupivacaine 1 mi/kg provided adec-:q;uafge postoperative analgesia for 13.5+2.2 h,
whereas epidural bupivacaine alpne proj’rfdgc?_ adequate postoperative analgesia for
9.8+2.0 h in children undergoing un_i:!_ateral ﬁ?&rpiorrhaphy (Senel et al., 2001). In second
study, preoperative epidural tramado! 1 mg_/Kg‘ with 0.25% bupivacaine (0.5 ml for
circumcision, 1 ml for inguinal_hemiotomy,f;*;ﬁd—i% ml for orchidopexy) in children
undergoing inguinaks apd_penoscrotal_surgenes provided .comparable postoperative
analgesia to epidural bupivacaine alone until 6 h postopé}atively, but at 8 and 12 h
postoperatively, children in the combination group have significantly lower pain score
than those in BuUpivacaine /group; (Majid and Mohammad;=2004). In third study, three
difference doses of tramadol (1 mg/kg, 1.5 mg/kg, and 2 mg/kg) were added to 0.25%
bupivaeainer0./5 milkgrtordefinethe mostrappropriate gramadel deseyadded to 0.25%
bupivacaine. The appropriate dose of tramadol added to 0:25% bupivacaine is 2 mg/kg
which could provide adequate postoperative analgesia for 12.0+0.9 h, whereas 0.25%
bupivacaine 0.75 ml/kg provided adequate postoperative analgesia for 4.0£1.0 h in
children undergoing inguinal herniotomy (Prakash et al., 2006). In fourth study,
preoperative epidural tramadol 2 mg/kg added with 0.25% bupivacaine 1mi/kg could

provide satisfactory postoperative analgesia for up to 9 h postoperatively in children
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undergoing inguinal herniorrhaphy with no evidence of motor deficit (Kartalov et al.,
2008).

All the results of the studies mentioned previously, showed that epidural
administration of tramadol-bupivacaine combination could provide adequate
postoperative analgesia without clinical significant adverse effect and dose of 2 mg/kg

tramadol with 0.25% bupivacaine seems to be the most effective.

AU INENTNEINS
MR TUNN NGNS Y



Chapter Il
Materials and methods

Animals

The method of this study was approved by the Committee for the Ethical Care of
Animals of the Chulalongkorn University. Informed owner consent was obtained prior to
enrolment of all dogs in the study. Thirty six dogs with no breed and sex predilection,
aging between 3 months and 5 years, and weighting less than 10 kg, which scheduled
for surgical correction of patella luxation grade 2 or 3 at surgery unit, Small Animal
Hospital, Faculty of Veterinary Science, Chulalengkorn University were enrolled in the
study. Dogs were healthy-aeeording to+physical-examinations, complete blood counts,
and blood chemistry profiles_ efore surgeries. Dogs were randomly allocated into three

treatment groups (n = 12 for'eagh group).ll

a3 |

_—

Anesthesia

’ ;i ')
1. Dogs were withpeld water and food for 6 and 12 h before surgeries,

respectively and takeh for -,_';-{)‘yal'k to wurinate and defecate before

premedication. T et fy

2. Physical examination was perforrriéqa_n’d measured parameters, for example

heart rate,-respiratory rate, pulse quality, body témperature, hydration status,

capillary refill time, mucus membrane color weretecorded.

3. Acepromazine 0.03 mg/kg and tramadol *3 mg/kg were administered
intramuscularly as'premedication.

4. 15-30' min after premedieation, an 1V'catheter' was“placed in the cephalic
vein and anesthesia was"induced with“propofol to effeét+(until endotracheal
intubation could befperformed). Anesthesia was.maintained.with isoflurane in
100% oxygen delivered via a non-rebreathing anesthetic circuit. The
percentage of isoflurane was adjusted to maintain a surgical plane of
anesthesia as judged by eye position, jaw tone and lack of response to
noxious stimuli. The respiratory rate was controlled by the ventilator at 15

breath/ minute. All dogs received crystalloid solution (Lactated Ringer
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solution) intravenously at 5-10 ml/kg/h. Cefazolin (250 mg/ml) 25 mg/kg was

administered intravenously as prophylactic antibiotic.

Epidural administration

The surgical site was clipped. Then dogs were positioned in sternal recumbency
with both hind legs extended forward under the body. The lumbosacral space was
located, hair in that area was clipped and the skin was aseptically prepared. Once dogs

)

were at surgical plane of anesthesi

al drug administration was performed (as

described by Jones, 2001).

received drugs as follow. §

| —
Negative contro( .

NSS to a total volume ©

allocated into three groups, and

Positive contr phine (morphine 2.5 mg/ml)

added with 0.5% bupi Group MB)

Experimental gr madol (tramadol 50 mg/ml)

added with 0.5% bupivac 3 total 0l \ kg (Group TB)

Figure 8. Lumbosacral epidural administration in dogs

After epidural drug administration, dogs were positioned in lateral recumbency
with the affected side depended for 5 min. Dogs were monitored, for side effects related
to epidural local anesthetic, such as hypotension, bradycardia, and respiratory

depression. When those occurred, dogs were treated appropriately.
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Surgery

Surgical correction of patella luxation grade 2 or 3 was performed at least 30 min
after epidural drug administration. End-tidal CO, (ET CO,), end-tidal isoflurane (ETiso),
heart rate (HR), noninvasive systolic blood pressure (NIBP) measured by Doppler flow
detection, and oxygen saturation were recorded every 5 min until surgery was finished.
Time from epidural drug administration to surgery, total surgical time, time from epidural

drug administration to endotracheal extubation and total anesthetic time were recorded.

Assessment of pain and seda é
1. Pain was asse bsgvermgf the treatment using Glasgow
composite pe ‘\‘\ at1,2,3,4,5,6, 8, 10,12, 15

18, 21, 24 . ratively . na _ g was given intramuscularly
at anytime“poi : ( ‘haps srative once the pain score was over

5/20 (if mobility gt ot ‘e a 2 ‘and at 24 h postoperatively
2. Lameness was e 3 a - ‘, s score at 1, 2, 3, 4, 5, 6,8, 10, 12,

3. Sedation was assesg, gSin ion score at 1, 2, 3,4, 5, 6, 8, 10, 12, 15,
PELE e
18, 21, , C

4. Side effeets s ' » r.‘ were noted.
5. Interval bm/veen endotracheal extubaticzg and first postoperative

adrﬁlstratlorfoﬁamadol was recai

RN eh Rk

¢

qmmmmwﬁwmé’a
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SHORT FORM OF THE GLASGOW COMPOSITE PAIN SCALE

Dog's name
Hospital Number Date /| |/ Time

Surgery Yes/No (delete as appropriate)
Procedure or Condition

lnmmmmmmwmnmmmmmemmme.
A. Look at dog in Kennel

Is the dog?
0}

Quiet 0
Crying or whimpering ;
Groaning
Screaming >
4
In the case of spinaiff pealiclofiduitn . 0r where assistance is
required to aid log : 10t Campout SecionB and proceed to C
Please tick if th 4 1¢ !
B. Put lead on dog and ound or painful area
Jabdomen, apply gentle pressure 2
, ound the site.
When the dog rises \
(m) Joes It?
Normal
Lame
Slow or o
Stiff Y A

;--
Sn.p'

°°“’EL@UEJ’JVIEJVI‘§WEJ;]ﬂ’§
mﬁﬂmwmmw

;s WO N s

l or non-responsive to surroundings 2 2
Nervous or anxious or fearful 3 Hunched or tense 3
Depressed or non-responsive to stimulation 4 Rigid 4

© University of Glasgow Total Score (i+ii+iii+ivev+vi) =

Figure 9. Short form of the Glasgow Composite Pain Scale (Faculty of Veterinary

Science, University of Glasgow)
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Lameness score (Duque et al., 2004)

Position Score
Complete weight bearing 0
Partial weight bearing (standing and walking) 1
Partial weight bearing (standing only) 2
No weight bearing 3

Sedation scores (Duque et al., 200
Behavior
Alert and walking normally=
Somnolence, remains standi

and eyes semiclosed
Somnolence, remains in |

responds to callin
Somnolence, remains i

o

AL
does not respond to ¢ 4 .ﬁ!’f_\

’,

Statistical analysis
Elapsed time-petween epidural drug adm tration- and surgery, total surgical

time, elapsed time betwe 4 d endotracheal extubation,

and total anesthetic time were analyzed using ANOVA.

End-tid A ‘@ idal %’ Tis0) rate (HR), noninvasive
systolic blood @ﬂ?ﬂtl )ﬂﬁ(%[n ﬂﬂ tlajyzed using analysis of
variance. ( ). ¢ e |

iﬁﬁ@ﬂ@l@ﬂmaiﬁonagaﬂ ﬂtor deficit, and

interval between epidural drug administration and first postoperative administration of

tramadol were analyzed using ANOVA.



Chapter IV

Results

Animals

Thirty six dogs enrolled in this study were healthy according to physical
examination, complete blood count and blood chemistry profiles before surgery. Group
TB consisted of 7 Pomeranians, 2 Poodles and 3 Chihuahuas. Group MB consisted of 9
Pomeranians, 2 Poodles and 1 Chihuahua. Group B consisted of 7 Pomeranians, 1

w 2 Yorkshire Terriers. The proportion of

and B, respectively. There was no

. @era% mean+SE) was 2.66+0.35 kg,
) - respectively.

Poodle, 1 Chihuahua, 1 Miniature
male:female was 5:7, 6:6, a
difference in weight am

3.79+0.41 kg, and 3.32£0.

T iy
) 87}
Figure 10. Average welgirtgmeamSE in groups TB (treatment: tramadol and

AN G s

neg ive control: buplvac°a|ne
Vﬂhereas, the average age in group TB was S|gn|flcantly younger than group MB
with no significant between groups TB and B. No significant difference was detected
between groups MB and B. Average age (mean+SE) was 12.5+2.51, 35.66+5.85, and
29.16+5.7 months in groups TB, MB, and B, respectively.
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Age (months)

B
up@went: tramadol and

ontr 3 d bupivacaine), and B

Figure 11. Average ages (
bupivacaine)
(negative c

* Average ger than group MB

Surgical and anesthetic Jﬁ"

Average elapsed fir | J:-g tration and surgery (mean+SE)
was 35.00+£1.50, 35.41%1. _ _‘_' :‘ in groups TB, MB, and B,
respectively, with no statistical di {) ; roﬁps.

Figure 12. Average elapsed time between epidural administration and surgery in
groups TB (treatment: tramadol and bupivacaine), MB (positive control:

morphine and bupivacaine), and B (negative control: bupivacaine)
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Surgical time (mean+SE) was 45.00+3.94, 58.75+3.02, and 41.25+2.31 min in

groups TB, MB, and B, respectively.

.,,
i

Total surgical time (min)
(%3]
(=]

Figure 13. Average surgieal time-«(fhéan+SE) in groups T8 (treatment: tramadol and

pe. ane bupivacaine), and B

g antly longer than group TB
\\-~ antly longer than group B
3 115.41+2.25, and 102.50+£3.76

min in groups TB, MB, and B, ry;p

YT
‘I 120-
2 100

AUty

RINAM

T8 MB B

Figure 14. Average anesthetic time (mean+SE) in groups TB (treatment: tramadol and
bupivacaine), MB (positive control: morphine and bupivacaine), and B
(negative control: bupivacaine)

* Average anesthetic time in group MB was significantly longer than Group B
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Elapsed time between epidural administration and endotracheal extubation

(mean+SE) was 90.83+4.21, 103.75+2.76, and 87.50+4.19 min in groups TB, MB, and B,

respectively.

120

8

{min)

al until extubation
S

Time elapsed from

epid

Figure 15. Average elapsed'time ninistration and extubation in

groups TB (treat 2), MB (positive control:

morphine and bupi ive control: bupivacaine)

* Average elapsed tim -al administration and extubation in

group MB was signifi

t“

Surgical time g VIB-than groups TB and B with on
significant difference bétween groups TB and B.

anemif:;jﬂ;ﬁﬂmﬂ ﬂzmm (e
"N FOimebitiat i

Measured parameters during surgery

During surgery, measured parameters namely heart rate (Table 6), oxygen

saturation (Table 7), systolic blood pressure (Table 8), end-tidal carbon dioxide (Table

9), and end-tidal isoflurane (Table 10) were within normal reference levels with no

statistically significant differences among groups.



Tabel 6. Average heart rate (mean+SE) during surgery in groups TB (treatment:
tramadol and bupivacaine), MB (positive control: morphine and bupivacaine),

and B (negative control: bupivacaine)

Time(min) Group TB Group MB Group B
(beat/min) (beat/min)
0 106.67+5.65
5 107.58+6.33
10 110.33+7.92
15 107.83+7.33
20 104.2545.75
25 105.33+6.65
30 104.70£6.22
35 111.00£7.60
40 +6 T 05.50+4.56 89.00+4.14
45 . 5 .91.5044.31 109.00+17.08
50 504624 446 143.000.00
55 — o ]
60 m 96.50+16.50 92.0044.79 -
65 ¢ 94.00+0.00 102.1749.76 -
0 ﬂﬁﬂgﬁﬂoﬁmﬁﬂﬁﬂﬂﬁ -

75 196.00£0.00 | Y. -




and bupivacaing

(negative control: b

150~

125-

HR (beat/min)

Time (min)

0
5
10
15
20
25
3

o

97 83+0.42

97.10+0.48
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Group B (%)

A
"11 +£0.58

98.08+0.54

+0.4

TR _.-.i_ 3

-z iﬁo

98.17+0.41

@umwmwmm

98.25+0.30

98.00+0.63
97.50+0.58
97.83+0.55
97.83+0.52
98.08+0.45
98.17+0.39
98.25+0.43
98.40+0.31

GT“WW aN fﬁﬂﬁmﬂgﬂm A Epeoe

50
55
60
65
70
75

95.75+0.48
96.67+0.33
96.50+0.50
97.00£0.00
97.00+0.00
97.00£0.00

98.10+0.35
98.43+0.61
98.83+0.54
98.33+0.80
98.50+£0.96

96.40+0.60
96.67+0.52
98.32+£0.32




tramadol and b

and B (negative

Time (min)

0
5
10
15
20
25

30

- AugIranimon

.ﬂ m s

<o sl

116 55+7.09

ne and bupivacaine), and B

- %reatment tramadol and

J Su a;g in groups TB (treatment:

F.,,\ orphine and bupivacaine),

Group B (mmHg)

513,
4.06
03.3346.67
3,50+10.07

108 -17+546

i
ST
114.33+4.94

108.50+4.29
116.58+4.61
112.92+4.81
110.25+4.41
112.75+4.01
108.67+4.86
107.33+4.43
108.6+4.34
111.00+£4.80

‘IW Niees/eT )11 Q1L

60
65
70
75

109.33+£14.85

109.00+0.00
140.00+0.00
130.00£0.00
126.00+0.00

116.86+6.93
113.67+8.25
113.33+£6.15
105.00+6.46

98.00+0.00
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g

oy

3]

on
1

SBP (mmHg)
i

sTB (treatment: tramadol and
and bupivacaine), and B
(negative co

Table 9. End-tidal car
tramadol and

and B (negative

Time (min) Group B (mmHg)

0 1 72 28.83+1.25

5 _ 33+2.16 29.00+1.53

10 29.'. L 27.67£2.11 29.08+1.45

15 2,26 o 28.75+1.51

20 V]i 27.58+1.85

25 m 30.08£2.19 27.3311.64

30 " a45+2 25 27.08+1.71 26.75+1.60

35 ﬂ u EJ‘ OﬂZEA] ﬂ j wg{] ﬂ ‘j 26.20+1.08

28.44+2.58 58+1 46 26.87+1.49

wmamwwwmma ooz

34.50+3.97 29.70+2.05 24.67+2.96

55 31.33x4.67 32.14+2.68 23.00+0.00
60 36.00+10.00 30.50+3.07 -
65 25.00+0.00 32.83+3.18 -
70 26.00+0.00 32.50+3.59 -
75 25.00+0.00 - -




tramadol ane

3 j . orphine and bupivacaine),
and B (negative cg /o IQ" \\\\

&
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T

™
T
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gi"‘-‘*' — i
ba L & T
20-
B

Time (min)

w
(@)

40

0.8 @%ﬁﬂ

¢ 0:68+0.07

ﬂummmwmm

0.65+0.08

)s TB (treatment: tramadol and

and bupivacaine), and B

\# : '»--. ~_\ groups TB (treatment:
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Apfow 0 s

Group B (%)

0 /+0.07
98+0.07
0.89+0.07

N

0
'
by
A

0. 88+(@6

0.85+0.06

0:82+0.05

0.77+0.07
0.84+0.08
0.78+0.08
0.77+0.06
0.90+0.09
0.72+0.07
0.69+0.08
0.63+0.09
0.56+0.11

symmnam 1ARE Q) Eoseso

55
60
65
70
75

0.71+0.14 0.73+0.07
0.68+0.15 0.73+0.08
0.62+0.25 0.74x0.11
0.44+0.00 0.71£0.10
0.43+0.00 0.66+0.15
0.43+0.00 -

0.46+0.02
0.53+0.00
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1.50-
1.25-7

1.00+

i
0.75- —_I_—| |:| l

Isoflurane concentration
(%)

Duration of postopera
Duration of pos was judged by observing the

dogs since they recovered fr. sthe [ uld stand on their pelvic limbs.

Py w

(4.75+0.89 h) than in groups TB (2.75+ £0 52 h) and B (2.25:0.03 h) with no difference

Duration of postoperati@ sedation

Duratio ﬁk i ged by observing the
dogs since th ﬁ/ﬁ ﬂsﬂﬁl % ﬂ/d)]ﬁn signs of sedation. The
sedatio sed in _thi dy W§S derived fromr those used i study of Duque
and oté W,j ﬂn‘!j erl’aa% Ealerr]t s 4.00£0.40 h,

4.33+0. 74 h, and 3.75+0.48 h in groups TB, MB, and B, respectively with no significant

differences among groups.

Postoperative lameness
Dogs in all groups had lameness score at 3 according to no weight bearing of

the affected limb throughout 24 h postoperatively.
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Postoperative analgesia

Average elapsed time between endotracheal extubation and first tramadol
administration (mean+SE) was significantly longer in group MB (21.75+0.84 h) than in

groups TB (14.00+0.42 h) and B (6.3+0.47 h).

30

analgesia (hr)

Average time after
extubation until rescue
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Figure 21. Average time af b : a e analgesia in groups TB (treatment:
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bupivacaine), and B (riegati —(; bupivacaine)
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Urlne retention was observed in 1 (8.3%) dog in group MB.
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Table 11. Elapsed time between epidural administration and surgery, surgical time,
elapsed time between epidural administration and extubation, anesthetic time,
and time after extubation until rescue analgesia in groups TB (treatment:
tramadol and bupivacaine), MB (positive control: morphine and bupivacaine),

and B (negative control: bupivacaine)

Time Group MB Group B
(mean+SE) (mean+SE)
Elapsed time between epid ] @ 35.41+1.99 34.58+4.78

administrationandsurW - -
' ' i 41.25+2.31

Surgical time (min) \\ 58.75+3.02
Elapsed time betwee idu ! \ 03.75+2.76 87.50+4.19

extubation (min)

Anesthetic time (min) 115.41+£2.25 102.50+£3.76

Time after extubation until 21.75+0.84 6.30+0.47

analgesia (h)

F’TUEJ’JVIEWI?WEHH‘?
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Chapter V
Conclusion, Discussion, Comment

Conclusion

This study compared the epidural analgesic efficacy of bupivacaine, the
combination of bupivacaine with either tramadol or morphine in 36 healthy dogs
undergoing surgical correction of patellar luxation grades 2 and 3. All dogs were
randomly allocated into 3 treatment.groups (n=12 for each group) and received epidural
drug administration as follow. Group B received 0.5% bupivacaine 0.16 ml/kg added
with NSS to a total volume-o6i-0.2 ml/Kg; Group-MB received 0.1 mg/kg morphine
(morphine 2.5 mg/ml) added.with-0.5% bupivacaine to a total volume of 0.2 ml/kg; and
Group TB received 2mg/kgstramadol (trarbadol 50 mg/ml) added with 0.5% bupivacaine
to a total volume of 0.2 .ml/kg./There were no significantly differences (p>0.05) of
average heart rate, ETCO_JET_ | systélio §|ogd pressure, and SpO, during surgery. All
measured parameters were also within theﬂﬁ_ormal reference ranges throughout surgery.
Average duration of postoperati\:/ﬂe_Lanalg'e;%jéﬂwas significantly longer in group MB
(21.75+0.84 h) than in groups TE}_.(14.OOJ_rO.42;-bi_,§md B (6.3+0.47 h). Average duration of
postoperative motor deficit was. _@_lso: signific%&anger in group MB (4.75+0.89 h) than

groups TB (2.75+0.522h) and B (2.25+0.03 h) with-no diffe_renoe between the latter 2

groups. The adversé‘ effects observed in this study weré hypersalivation and urine
retention. Hypersalivation was observed in 1, 3 and 6 dogs in groups B, MB, and TB,
respectively. One doggqin MB group ;demonstrateds urine setention. In conclusion, the
duration of posteperative analgesia was' longest in group MB followed by group TB and
B, respectively.. The addition, of tramadol .o ‘bupivacaine. could, provide longer
postoperative’ analgesia 'than® bupivacaine' alone. ‘The=combinatien of tramadol-
bupivacaine provides adequate postoperative analgesia for up to 14 h with minimal side
effects and can be safely used in substitution of morphine in the situation that controlled

substance like morphine is not available.
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Discussion

All treatment groups in this study demonstrated the ability in reducing isoflurane
MAC (Minimum Alveolar Concentration) in dogs during surgical manipulations. The MAC
of isoflurane in dogs (mean+SD) from various studies were 1.15+0.02% (Mattson et al.,
2006), 1.19+0.15% (Credie et al., 2010), and 1.2+0.18% (Machado et al., 2006). In
general, the amount of inhalation anesthetics required for achieving surgical plane of
anesthesia is 1.2-1.4 MAC (Steffey and Mama, 2007). In the present study, the end-tidal
isoflurane concentrations during surgery (mean+SE) were 0.74+0.05%, 0.86+0.05%, and
0.74+0.05% for groups TB, MB, and B, respectively. However, various factors including
ambient pressure conditions (Steffey and Mama, 2007), opioids (Machado et al., 2006;
Credie et al., 2010), and hypoyvolemic c‘?nditions (Mattson et al., 2006) may alter the

MAC of isoflurane in dogs. -4 48 8

_—

The reduction ing@mount of anesthetic requirement during surgery observed in
all treatment groups in this study-ccf)nfirmegﬂithé results of previous study that epidural

S ol ol
administration of bupivacaine (Hendrix et aI.,';_?[_Qg).ﬁ; Almeida et al., 2007) and morphine-

bupivacaine (Hendrix et al., 1996; froncy ;e"t_j___aj‘..,_JZOOZ; Kona-Boun et al., 2006) were

capable of reducingd the amount anesthetic used teo "a_chieve surgical plane of

anesthesia. The reduction in amount of anesthetics consumed during surgery was
beneficial to the animaly'since the adverse effects associated with anesthetics occurred

in a dose dependent manner (Steffey and.Mama, 2007).

The measured parameters” (heart rate/~systolic blood"“pressure, oxygen
saturation and end=tidalxcarbon dioxide) during surgery of all groups were within normal
reference ranges, indicating that epidural administration of all drugs used in this study

was safe and could be used in clinical setting.

Duration of adequate postoperative analgesia (mean+SE) was 14+0.42 h for
group TB and was longer than group B. This finding was in consistency with those found

in human pediatrics undergoing inguinal herniorrhaphy (Senel et al., 2001; Majid and
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Mohammad, 2004; Prakash et al., 2006; Kartalov et al., 2008; Taheri et al., 2010) that the
addition of tramadol to bupivacaine could provided longer postoperative analgesia than

bupivacaine alone.

The duration of adequate postoperative analgesia (mean+SE) for group MB was
21.75+0.84 h. The duration of postoperative analgesia of epidural morphine-bupivacaine
combination in the present study was consistent to those found in the previous study in
dogs (Troncy et al., 2002). The duration of pastoperative analgesia of the combination
(mean+SD) in that study was 20.2+0.7 h.

-

The duration of suffisient-postoperative analgesia (mean+SE) for group B was
6.320.47 h. The duration of postoperative‘lanalgesia in the present study was consistent
to those reported in literatufe that epidural bupivacaine could provide analgesia for 4-6

- _—

h (Grimm and marks, 2005) ; L 4
‘ y

d

Duration of postoperative metor de’f_i?i__t was significant longer in group MB, but
no statistical difference was detecied between groups TB and B. This finding confirmed

the result of the previous study.(Troncy et alf.;i;ZQQZ) that epidural morphine-bupivacaine

produced longer postg'perative motor deficit than bupivaca:i.ne. However, the duration of

postoperative motor deficit resulted from the combination ’f-cl)und in the previous study
(9.1£0.3 h) was longer than that found in the present study (4.75+0.89 h). This may
occur as a resultpof lewervdose ©fi bupivacaine «(0.8~mg/kg)- used in this study in
comparison to that (Tmg/kg) used in the previous study. Since, the duration of motor

blockade of bupivacaing was dose.dependent (Gomez,de Segura et al, 2009).

Although average age in group TB was statistically significant younger than
groups MB and B, it seemed to be clinically insignificant, since all dogs were not
pediatrics (Hosgood, 2001; Mathews, 2005) and healthy according to physical

examination, complete blood count, and blood chemistry profiles.
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Surgical time, anesthetic time, and elapsed time between epidural administration
and endotracheal extubation were significantly longer in group MB than in groups TB
and B, due to the inability to control surgical time, since it depended on the degree of
difficulty in correction of patellar luxation in clinical setting. However, this prolonged time
seemed to be clinically insignificant, as dogs in group MB still demonstrated the longest
elapsed time between endotracheal extubation and first postoperative tramadol
administration. Thus, the MB group showed the best ability in controlling postoperative

pain in this study.

No statistical differemnee of duration of pesteperative sedation was observed
among groups. This may oeCuias a result of the sedative effect induced by the
premedicated drugs, namely acepromazine and tramadol. As this combination could
provide sedation for at least 90 min-with peak sedative effects occur within 30-45 min

after administration (Monteiro et al.,-2009)

it
1
\

¢

The only adverse effect obgérved '”}l:‘e TB and B groups was hypersalivation,
whereas in the MB group both,hypersaliva%i-bblf.‘and urinary retention were observed.
However, the adverse effects_associated Wig;a_-.'epidural morphine-bupivacaine found in
the present study werg less than those found in the previous.study (Troncy et al., 2002).
In that study, the adverse effects associated with epidural morphine-bupivacaine were
mild cardiovascular and respiratory depression, vomiting, Urinary retention, and pruritus.
This may occuriag a resultyofs fargless mumben ofidogs «(n=42) in the present study

compared to thase (N=196) in that study.

Comment

Epidural administration of morphine-bupivacaine provided longest postoperative
analgesia (mean+SE) (20.2+0.7 h) followed by tramadol-bupivacaine (14+0.42 h), and
bupivacaine (6.3+0.47 h). Thus, the combination of tramadol and bupivacaine should be
used in substitution of morphine-bupivacaine in situation that controlled substance, as
morphine, cannot be obtained. However, more studies needed to be done to verify the

pharmacokinetics and pharmacodynamics of epidural tramadol-bupivacaine in dogs.
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Table 12. Complete blood count and blood chemistry profiles of dogs in tramadol-bupivacaine group

Parameters Iris Sydney | Sydney | Yogi | Money | Sugus: | Suchi | Pangpond | Tiger | Tongrioy | Sunny | Almond
R.B.C. (per pl) 6.5 8 7.3 53 6.5 6 o 6 7.9 7 7 6.7
Hemoglobin 14 17 18 14 115 16 15 1o 16.3 | 16 18 12.7
Hematocrit 38 50 55 44 45 49 37 48 49 49 59 37
Plate count (per pl) | 768 401 250 152 204 250 \ 163 180 281 265 393 643
W.B.C. (per pl) 17,400 | 6,600 6,400 7,900 410,400 24,000 ?,_7,’600 11,800 6,500 | 11,000 10,000 | 10,600
Neutrophils (%) 64 79 65 52 6/ | - :’?2 70 65 71 60
Bands (%) 3 }_‘ | 1 2

Eosinophils (%) 9 7 3 *® :‘ 1_: ’1 o 2 5 2 1
Basophils (%) : = __ Jﬂ

Lymphocytes (%) | 26 16 25 42 1A% 44 : 21 28 20 38
Monocytes (%) 1 5 3 3 _ 5 | 3 6 2 5 1
SGPT (Units) 35 24 40 41 87 36 85 32 v 61 65 24 57
Alk.P/tase (IU/L) 52 47 100 160 40 42 87 103 & |84 196 30 90
BUN (mg%) 27 18 17 20 20 18 30 24 24 32 15 24
Creatinine (mg%) 0.9 0.6 0.8 0.9 0:8 0.7 1 06 0.6 0.8 0.5 1

Total protein (g%) | 7 7.5 6.8 6.0 7.0 8.4 7.0 5 7.0 7.5 9.0 7.2
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Table 13. Complete blood count and blood chemistry profiles of dogs in morphine-bupivacaine group

Parameters Buffy Money | Metung | Raene | Toalek | Lucky; | Rangwal | Cherry | Money | Moohgling | Moohyong | Coca Cola
R.B.C. (per pl) 6 6.2 7 9 6.3 7 73 7.7 7 6 7 6.5
Hemoglobin 16 15.5 18 20 16 ) 4 11 17 17 16 14 11
Hematocrit 48 47 54 53 43 45 47 48 52 48 45 40
Plate count (per pl) | 327 398 270 114 44 130 1 226 261 204 288 160 445
W.B.C. (per pl) 14,600 | 9,000 | 14,500 | 9,300 4#12,400 4 11,600 A 1,600 | 10,900 | 10,400 | 10,700 9,500 13,300
Neutrophils (%) 80 70 60 60 67 80 e 73 66 75 64
Bands (%) | " 1 4 1

Eosinophils (%) 2 4 8 10 4 s 3 # 3 2
Basophils (%) J"H 1
Lymphocytes (%) | 16 o4 |28 26 |28 |15 S |23 24 20 32
Monocytes (%) 2 2 4 4 3. 3 | il 1 6 4 1
SGPT (Units) 32 100 107 44 #2102 34 9% 41 112 110 92 33
Alk.P/tase (IU/L) 74 133 30 84 100 40 71 98 40 210 17 108
BUN (mg%) 10 12 14 28 13 15 28 21 20 25 16 23
Creatinine (mg%) 0.9 0.7 0.6 0.5 1.0 0.6 0.7 0.7 1 0.4 0.5 0.6
Total protein (g%) | 7.0 6.4 6.5 7.0 8.4 8.8 8.0 7.2 7.0 8.0 7.2 6.8
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Table 14. Complete blood count and blood chemistry profiles of dogs in bupivacaine group

Parameters Pepo | Pocky | MeMe | Tiger | Toalek | Pringgy | Chitrawee | Chivas | Bogchew | Baby | Toru | Somaoo
R.B.C. (per pl) 7.4 6.2 7.8 6.2 6.3 Sul 6.7, 7.6 7 7.9 7 6.5
Hemoglobin 17 15 19 15 17 ey 12.7 16.8 18 16 13 14
Hematocrit 51 45 47 47 48 244 45 49 58 51 41 45
Plate count (per pl) | 189 227 413 305 | 365 5V 6i|43 308 321 282 | 370 | 142
W.B.C. (per pl) 11,000 | 9,300 | 9,800 | 8,300 | 12,0004 94800, 16,].00 8,800 | 8,000 4,700 | 8,700 | 9,100
Neutrophils (%) 79 71 54 59 64 76 60+ 3] 80 54 60

Bands (%) 3 4 "

Eosinophils (%) 3 14 1 5 4 5 17 # 2 5

Basophils (%) J"H

Lymphocytes (%) 12 10 42 33 22 7170 T 38 T_ 42 15 36 21
Monocytes (%) 6 2 3 3 6 9 | y 1 _ 5 5 3

SGPT (Units) 53 50 110 80 70 100 57 7 50 o 34 53 40 19
Alk.P/tase (IU/L) 38 38 111 122 92/ 172 90 100+ | 40 18 100 400
BUN (mg%) 17 10 13 37 8 32 20 24 22 18 24 21
Creatinine (mg%) 0.9 0.8 0.6 0.7 0.8 07 07 0:9 0.7 1 0.7 0.6
Total protein (g%) | 8.0 7.0 6.5 8.0 7.4 7.0 6.4 7.1 6.4 7.0 7.0 7.0
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